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ABSTHAOr 


A sorios of forecast oxporintcnts ms eonciuotcci to assess tUo aeoucacy of 
tho GLAS ncKiol's prediction of the Mid-Atlantic States cyclone of lB-19 lAibrmry 
1979 1 and to determine the in|»rtanco of large-scale dynamictil pi'ocessos and 
diabfitlc heating to tho cyologonosis. 'll>o GLAS iiK’>dol forecast from tho GLAS 
analysis at 0000 CM' 18 M)ruary correctly predicted intense cojistal cyclo- 
genesis and heavy precipitttion. When this fox'ocast ms repeated without sur- 
face heat and noisture fliuces, tho iiodel failed to predict any cyclone develop- 
nrent. An extended-range forecast froni 0000 GMT 16 lAabruary as well as a fore- 
cast frem the NMG analysis at 0000 GMT 18 R'bruai'y interpolated to the GWS 
grid and a forecast from the GIjAS analysis at OQIX) GMT 18 R^bruary with the 
surface moisture flux excluded predicted wealc coiistal low developaent . 

Examination of these forecasts shows tlmt ixvtic heating resulting 
frem 0(>Ganio fluxes significantly contributed to the generation of low level 
cyclonic vorticity and tho intensification and slow x'ate of moveiiwnt of an 
upper level ridge over the wt^storn Atlantic. As an upL)er level short-wave 
trougti apprcxiched this ridge, diabiitlc heating associated with the release of 
late)nt heat intensified, and the gradient of vorticity, vorticity adveoticn and 
upper level divex'geuce in advance of tlie trough were greatly incx'oased, providing 
strong large-scale forcing for the surface oyclogouesis. 
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1. INTRODUCTION 


In recent year$ numerical weather prediction (NWP) models have demon- 
strated considerable success in the prediction of extratropical cyclone develop- 
ment and displacement:. However, notable exceptions occasionally occur in 
which there are large errors in the predicted location or intensity of cyclo- 
genesis, or the displacement of existing or newly developed cyclones. These 
errors may be due to a variety of reasons; the most important of which are 
poor specification of the initial state, numerical errors and inaccurate physical 
parameterizations. In addition, when cyclogenesis occurs over oceanic regions, 
the description of the sequence of processes leading to the observed development 
may be difficult and the exact mechanism of cyclogenesis poorly understood. 

A considerable discussion and controversy has developed regarding the 
development of the Mid-Atlantic States cyclone of 18-19 February 1979. This 
storm, also referred to as the Presidents' Day cyclone, is significant because 
of the severity of the weather it produced and the failure of the operational 
models in use at the National Meteorological Center (NMC) to adequately predict 
the intensity of cyclogenesis. Excellent reviews of the synoptic situation 
and development of this storm, have been provided by Bosart (1981) and Ilccellini 
et al . (1981). Both articles also suggested hypotheses for the poor numerical 
prediction, based on subsynoptic scale phencxnena not well represented by the 
operational models. Bosart emphasized the development of a coas+al front and 
the importance of boundary layer processes to the cyclogenesis, while Uccellini 
et al . stressed the complex interactions associated with a propagating jet 
streak. NMC has also conducted experiments relating to this case (J. Newell, 
personal communication). These experiments show improved short-range (24 h) 
predictions with a model having higher vertical resolution than the one applied 
operationally at NMC. 


- 1 - 


Tho objective of this paper is to explore the develot)r'iGnt of this cjolono 
as predicted by the UIAS general circulation itodol. Forecasts from 0000 GMT 16 
February and 18 Fobruai'y 1979 wore performed using different initial analyses 
and physical parameter izat ions. Based on these? forecasts, the systems and pro- 
cesses which appear to bo important to the intensity of cyclogonesis in this 
ease will be discussed. 

Hections 2 and 3 present » brief review of the synoptic situation and NMC 
mcxlel forecasts for this ease. lX?scriptivo results from the GIjAS model forecasts 
are presented in section 4. Cbnclusions follow in section 6. 

2. BYNOin'IC SITUATION 

IX)tailGd descriptions of tlie synoptic situation for this case have been 
presented D(5 S^i* t and Uccellini ot al . iborefore only a brief sumnary of the 
main synoptic features will be given hore. 

Figs. 1 to 5 present the National Weather St?rvice's surface, 850 mb and 
500 mb analyses at 12 h intervals for the period 0000 GMT 18 Ibbruary to 0000 
GMT 20 February 1979. At 0000 flMT 18 Februai’y (Fig. 1), a massive high pressare 
system Wiis centered over the Great lithes. Associated with thivS system svere 
extroiTOly cold temperatiu'es over the northeast United States and an unusually 
strong flow of cold dry air over the warm waters adjacent to the east coast. 

A cold front extended westward from the southern edge of this cold air outbreak 
to the Gulf of Mexico, wliile a weak inverted trough extended northward from 
this front to Kentucky. Weok wjive formation W!is occurring in the Gulf of 
Mexico in conjunction with malerate cold advection in that area. 

At 850 mb, a strong baroclinie zone extended northward fx’om the surface 
cold front. Nearly zonal flow ms present at 500 mb above this zone and a 
distinct short-mve trough was located over the Great Plains. Ught to moderate 
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snow was occurring beneath and slightly in advance of this upper level trough 
while priinarily drizzle and rain was falling in the vicinity of the surface 
inverted trough. 

During the next 12 h (Fig. 2), the surface high moved slowly eastwaixl, 
the inverted trough extending northward from the Gulf of Mexico intensified, 
a weal< low appeared along the frontal wave in the Gulf, and a coastal front 
(not evident in the synoptic scale analysis of available conventional data) 
developed along the stf'Utheast coast, 'fhe sti’ong cold advection which had 
been prevalent at 850 mb along nearly the entire east coast ended in that 
area due to the eastward movement of the high, lliis was replaced by strong 
warm advection along the South Carolina coast where 50 knot winds from the 
southeast were reported at tlie B50 mb level. At 500 mb, the short-wave trough 
deepened and moved slowly eastward. A shallow ridge, downstreain from this 
trough moved over the easiern United States accompanied by west-northwesterly 
flow over the east coast and adjacent waters. Precipitation, primarily in 
the form of snow at 1200 GMT 18 Februaiy covered iipst of the southeast and 
extended northwestward to the Great Plains. 

By 0000 GMT 19 February (Fig. 3), a new surface low with a central pres- 
sure of approximately 1017 mb formed along the coastal front, while a much 
weaker pressure minimum appeared over Kentucky within the inverted trough to 
its northwest. Tliese systems were separated by a shallow wedge of cold air 
which had moved southward along the lee side of the Appalachian mountains 
during the preceding 12 h. At 850 mb, a low pressure center was located 
along the Illinois-Indiana border just slightly to the west of the weak 
surface low in Kentucky, while warm advection was occurring above and slightly 
to the north of the coastal low. At 500 mb, the short-wave trough had continiied 
to move eastward and was located directly above the 850 mb low, and nearly 
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straiRht west-southwestorly flow was present above the coastal low. At this 
time, moderate to heavy snow was occurring in portions of Virginia and North 
Carolina, while light to rooderate snow extended to the northwest of this area. 

During the next 9 h, the low previously over Kentucky moved northeastward 
to Otiio without substantially changing in intensity, wliile the coastal low 
moved northward to Gape Hatteras and deepened slightly. Following 0900 GMT 19 
February, explosive cyclone development began to the north of Cape Hatteras in 
conjunction with the inovenBnt of the upper level shurt-wave trough toward this 
area and the shortening of the half-wavelength between this trough and the 
offshore ridge. At 1200 GMT 19 February (Fig. 4), an intense surface low with 
a central pressure of approximately 1006 mb was located due east of Virginia 
under the diffluent flow in advance of the 500 mb trough. A strong cyclonic 
circulation was also present at 850 mb, with the low pressure center at this 
level located slightly to the west of the surface low. A baroclinic thermal 
structure is evident with the low located between an upstream thermal trough 
and downstream thermal ridge. Heavy snow was occurring from Virginia to south- 
east New York at this time. 

The surface low moved slowly to the east-northeast and continued to deepen 
rapidly for the next 6 h but underwent little change in intensity thereafter. 

By 0000 GMT 20 February (Fig. 5), the intense cyclone and the 500 mb short-mve 
trough had moved well offshore and snow had ended along the entire east coast. 

3. NMC MODEL POHECASTS 

In recent years, NMC's primitive equation models have shown outstanding success 
in the prediction of intense winter storms (Cressman, 1978). In addition, 
while the Barotropic model is not capable of directly forecasting cyclogenesis, 
it can and often does provide sStrong indications tliat cyclone developiTKSnt will 
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occur. This is usually apparent as the shortening of the half-mvelength 
between a trough and downstream ridge or by the anplification of a trough with 
attendant increased positive vorticity advection over a surface baroclinie 
zone (Staff, National Weather Analysis Center, 1960). 

The Barotropic model, limited-area Fine Mesh model (LFM-II), and Seven- 
Level l^imitive Equation models in use at the National Meteorological Center 
in February 1979, all failed to provide accurate prognostic guidance for the 
intensity of cyclone development tlmt occurred on 19 February. 

Fig. 6 shows the Barotropic model 't initial analysis of 500 mb geopotential 
height and absolute vorticity on 0000 GMT 18 February, its 36 h forecast from 
this initial condition, and the verifying barotropic analysis for 1200 GMT 19 
February. Coinparison of these figures reveals that the Barotropic model did 
not predict the intensification of the short-wave trough or the development of 
an offshore ridge. As a result it greatly underestimited the gradient of 
vorticity and the vorticity advection in the region of cyclone development. 

Figs. 7 and 8 show the LFM-II' s 12 h, 24 h, and 36 h forecasts of sea- 
level pressure and 500 geopotential height and absolute vorticity valid at 
1200 QiT 19 February as well as the verifying analyses for that time. Cbttparison 
of the sea-level pressure predictions (Fig. 7) with the verification shows a 
considerable inprovement in forecast accuracy with time but reveals serious 
deficiencies in all of the forecasts. The 12 h forecast correctly predicted 
that cyclc^enesis would occur but significantly underestimated the intensity 
of cyclone development and incorrectly indicated the position of the low too 
far south. The 24 h forecast also predicted cyclone development but indicated 
an even weaker cyclonic circulation; the 36 h forecast predicted only an inverted 
ti’ough along the east coast. 
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Part of the explanation for the errors at sea level is evident from the 
IBi-II's 500 ml) height and vorticity prognoses ('’iS* 81* Cbnparison of these 
forecasts with the verification shows timt although the prediction of the 
amplitude of the short-wave trough and associated vortieity maximum inproves 
with tir«3 and is significantly better than the Barotropic nodel's prc?diction, 
all of the foi’ecasts substantially underestimate the development of the 
offshore ridge. As a result, the gradient of vortieity, vortieity advection 
and upper level divergence in advance of the trough are also underestimated. 

4. GLAS MODEL, PRECASTS 

The objectives of our experiments were to assess the accuracy of the 
GLAS model ' s prediction and determine the importance of large-scale processes 
and diabatic heating to the development. In this section, GLAS model fore- 
casts from OOQQ CMT Id February and 18 February 1979, will be presented. 

Initial conditions for the forecasts were provided by either the GLAS NOSAT 
assimilation cycle (described in detail by Halem et al . , 1982) which began 
on 5 January and continued through 5 March 1979, or by an interpolation of 
the NMC analysis to the GLAS grid. 

In the GLAS objective analysis scheme (Baker ct al . , 1981) , zonal and 
meridional wind components, geopotential height and relative humidity are ana- 
lyzed on mandatory pressure surfaces. Tbe 6 h model forecast provides a first 
guess for these fields at 300 nb and at sea level , where pressure and tempera- 
ture are also analyzed. The first guess for the other levels is obtained 
fx’om the model first guess, modified by a vertical interpolation between 
the two closest completed analyses. Vertical consistency is maintained through 
static stability constraints. The analysis at each level is performed with a 
successive correction method (Cressman, 1959) modified to account for differences 
in the data density and the statistical estimates of the error structure of the 
observations . 
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The iTOdol used in the assimilation and to generate the forecasts is the 
fourth order global atmospheric model describea uy Iftilnay-Rivas et al . (1977), 
Kainay-Rtvas and Hoitsma (1979) and Halem et al . (1932). It has nine vor- 
tical layers, equally spaced in sigma, and a rather coarse horizontal resolu- 
tion of 4° latitude by 5“ longitude, which is compensated by the use of accurate 
horizontal differences. With the exception of the confutation of longvave radia- 
tion (Wu , 1980) , and a slight change to the calculation of surface tenferature 
and surface fluxes (Sud and Abeles , 1981) , the parameterization of physical 
processes is essentially the same as in the second order model of Somerville 
et al.(1974). 

Table 1 summarizes the forecast experiments that were performed. Oonplete 
model physics was used in all but two of ti.e forecasts. In one of the experiments 
sensible and latent heat fluxes from the earth's surface to the atmosphere were 
eliminated; in the other experiment, only the latent heat flux was removed. 

a. Forecasts from 0000 GMT 18 February 1979. 

Figs. 9 and 10 present the sea-level pressure, 1000-500 mb thickness, 

850 nib geopotential height and temperature and 500 mb geopotential height and 
temperature fields from the GLAS NOSAT analysis and the NMC analysis inter- 
polated to the GLAS grid at 0000 GMT 18 February 1979. Comparison of these 
figures shows little difference in he representation of the anticyclone 
over the northeast, the baroclinic zone along the east coast or the inverted 
trough extending northward from the Gulf of Mexico. However, at 500 mb the 
GLAS NOSAT analysis portrays a somewhat stronger short-wave trough along 
100® W than does the Interpolated NMC analysis. 


HXIECAHT FROM THE GLA8 ANALYSIS 

Figs. 11 to 14 show tho 18 h to 48 h forecasts of sea level pressure, 
1000-500 iTl) thickness, 850 itib geopotontial height and tenperature and 500 n* 
geoix)tential height and temperature from tho GLAS NOSAT analysis at 0000 GMT 
18 February 1979 at 12 h intervals. During the first 12 h of tho forecast 
(Fig. 11), the anticyclone initially over tho Great Lakes as well as the in- 
verted trough extending northmrd from the Gulf of Mexico are predicted to 
move slowly eastward, and a new inverted trough begins to develop along the 
southeast coast of the United States. At 850 mb, strong cold advection ends 
along nost of the oast coast as a ridge noves over this area. At 500 nti, 
the short wive trough moves slowly eastward and a ridge moves over the eastern 
United States. 

Over the next 12 h, the offshore Inverted trough at the surface intensi- 
fies and general eastward propogation of the 500 mb trough and ridge, the sur- 
face anticyclone and the inverted trough over the southeast continues. The 
forecast for 0000 GMT 19 February (Fig. 12) shows the surface anticyclone to 
be over the northeast and a single broad inverted trough along the east coast. 
At 850 mb a moderate cyclonic circulation is centered over the Ohio Valley 
directly beneath the 500 mb short-wave trough. A shallow 500 mb ridge is 
located along the east coast. 

Weak surface cyclogenesis and moderate precipitation (not shown) begins 
within the Inverted trough along tho east coast during the next 3 h and 
dranatically intensifies 3 h to 6 h later with the approach of the upper 
level trough toward this area. The forecast for 1200 GMT 19 February (Fig. 

13) shows an intense surface cyclone with a central contour value of 1012 nto 
located just offshore from the Virginia-North Carolina coast. The surface 
low pressure center is located slightly upstream from the 1000-500 mb thickness 
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ridge in a region of positive thermal vortieity odvoetion* At 850 rd5, there 
is a strong oyolonic oirculation eentored slightly to the west of the surface 
low and also upstream from the thermal ridge. At 500 nto, the short-wave 
trough is located over the Appalachian mountains while the ridge at this 
level is to the oast of the surface cyclone. Ihe half-wavelength between 
the trough and downstream ridge has been predicted to decrease slightly and 
diffluent flow from the south\wst exists over the Intensifying low. Heavy 
precipitation (not shown) was predicted to occur along the mid-Atlantic coast 
from Virginia to New York at this tine. 

During the next 12 h of the forecast (Fig. 14) » the 500 nto trough moves 
to the east coast and the surface cyclone moves to the northeast while continuing 
to intensify. At OOOO GMT 20 February the surface low is predicted to have 
a central contour value of 1004 mb and to now be located within the 1000-500 
mb thickness ridge. Tne 850 tWD low is also predicted to bav® a warm core 
structure at this time. 

FORECASTS FROM THE GI^ ANALYSIS WITHOUT SURFACE HEAT AND/m MOISTURE FLUXES 

Figs. 15 to 18 present the 12 h, 24 h, 36 h and 48 h forecasts from the 
GLAS analysis at 0000 GMT 18 February in which surface sensible and latent 
heat fluxes were eliminated from the nodel. The 12 h forecast (Fig. 15) 
shows the slow eastward movement of the surface anticyclone, the 850 mb ridge 
and the 500 mb short-wave trough and ridge but does not indicate the develop- 
ment of an Inverted trough at the surface along the southeast coast. Instead 
the surface high becomes well established over the coastal waters. 

During the next 24 h (figs. 16 and 17), the invert/jd trough extending 
northward from the Gulf of Mexico is forecast to decrease in amplitude and 
remain quasi-stationary despite the movement of the surface high offshore. 

At 850 mb a moderately strong cyclonic circulation is forecast to develop 
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over the midwest and move eastward. At 500, mb the short-wave trough is 
for(»cast to itwve over the eastern United States as the ridge at this level 
weakens slightly and moves well offshore. Ihe half-wavelength between the 
trough and downstream ridge is predicted to increase and surface cyclogenesis 
does not occur. Over the next 12 h, (Pig. IB) the surface high continues to 
nx)ve eastward leaving a weak pressure gradient over the east coast, and the 
850 mb and 500 mb troughs weaken and move offshore. 

Figs. 19-22 show the 12 h to 48 h ^'orecasts from the OLAS analysis at 
0000 GMT 18 February in which only the surface latent heat flux was eliminated 
from the model. This forecast is sin’.lta' to the preceding model predic- 
tions at 850 mb and 500 mb during the first 24 h, but differs at the surface in 
its develoiHoent of a somewhat weaker inverted trough along the southeast coast 
than is present in the forecast which included both sensible and latent heat 
fluxes. From 24 h to 36 h, the surfactj inverted trough amplifies imrkedly, 
but cyclogcmesis does not occur as the upper level trough approaches the east 
coast and the half-wavelength bc^tween this trough and the weakening ridge 
incr(?ases slightly. During the last 12 h of the forecast a weak low with a 
central contour value of 1024 mb is predicted to develop within the inverted 
trough at the surface. 

1<X)RKCAST FROM THE NMC ANALYSIS 

Figs. 23-25 show the 12 h, 24 h and 36 h forecasts from the interpolated 
NMC analysis. During the first 24 h of the forecast (Figs. 23 and 24), a 
broad Invcjrted trough, which Is slightly weaker than in the corresponding fore- 
cast from the GLAS analysis, forms at the surface over the southeast United 
States and adjacent waters as an eastward moving inverted trough merges with 
a developing coastal trough. The short-wave trough at 500 mb is predicted 
to move to the CSiio Valley and weaken while a shallow ridge at this level moves 
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over the east coast. As the upper level trough approaches the east coast, 
cyclogenesis is predicted to occur within the inverted trough, such that by 
1200 GMT 19 February (Fig. 25) a surface cyclone with a central contour value 
of 1020 mb is forecast to the east of the North Carolina coast. A closed 
low pressure center was not predicted to form at 850 mb, although a moderately 
strong cyclonic circulation with favorable baroclinic thermal structure is 
indicated . 

b. Forecast from the GIAS analysis at 0000 GMT lu February 1979. 

Figs. 26-29 present the 48 h to 84 h forecasts of sea-level pressure, 1000-500 
mb thickness, 850 mb geopotential height and temperature and 500 mb height and 
temperature from 0000 GMT 16 February 1979 at 12 h intervals. The 48 h forecast 
(Fig. 26) correctly shows the massive anticyclone which dominated the northeast 
United States, the strong cold air outbreak along nearly the entire east coast 
and the inverted trough extending northward from the Gulf of Mexico. However, 
at 500 mb a very serious error is present as the model has predicted only very 
shallow troughing over the central plains. Over the next 24 h (Figs. 27 and 
28) the surface high moves slowly eastward and a broad inverted trough develops 
over the east coast under nearly straight west-northwesterly flow aloft. Weak 
cyclogenesis is predicted to occur within this inverted trough during the next 
12 h as the shallow upper-level trough moves toward the east coast. By 1200 
OAT 19 February (Fig. 29) a surface cyclone with a central contour value of 
1024 mb is located east of Maryland, slightly north of the observed cyclone's 
position. Only weak troughing is present above and to the west of the surface 
low at the 850 mb and 500 mb levels. 
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Q. Analysis of oyclogenotic foroing 

Examination of the GLAS model forecasts presented in this section shows 
that substantial differences in the prediction of cyclogenesis resulted from 
the use of different initial conditions as well as the exclusion of sensible 
and latent heat fluxes. Tlie results of these fore'^asts suggest that the 
major factors contributing to the intensity of cyclogenesis in this case 
wt?re the heating of the atmosphere above the warm coastal waters adjacent to 
the east coast and the strong upper level trough moving toward this area. 

'Ib further understand the role of these processes, we present in I'Ugs. 

30-33 vortical cross sections of temperatwe , absolute vorticity, vorticity 
advection, and divergence along latitute 38° N for the four 36 h GIjAS model 
forecasts fi’om 0000 GMT 18 Febraury 1979. Cbmparison of the forecasts with 
and without surface sensible heat and/or moisture fluxes (Figs. 30 - 32) 
shows the role of these fluxes in contributing to the generation of low 
level cyclonic vorticity and upper level anticyclonic vorticity fi’om 70-75° W. 
Gignificant diabatlc heating resulting from these fluxes is evident from the 
surface to 500 mb. As a result, the upper-level gradient of vorticity, vorticity 
advection, and divex'gence, and low level vorticity production by convergence 
are greatly increased in advance of the upper level trough. 

Comparison of the forecasts from the GLAS and NMC analyses (Figs. 30 and 
33) as well as the forecast from 0000 GMT 16 February (not shown) shows the 
importance of the intensity of the upper-level trough and to a lessor extent 
the intensity of diabatlc heating to the px'edicted cyclogenesis. The result 
of the weaker upper-level trough and slightly weaker diabatlc heating in the 
forecast from the interpolated NMC analysis is also to give a wealcer upper-level 
gradient of vorticity, vorticity advection; and divergence and hence less 
cyclonic development at the surface. 
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5. OQNCUJSIONS 


On 18-19 February 1979, an intense cyclone devvloped along the east coast 
of the United States and produced very heavy snowfall fvom Virginia to southeast 
New York. The Barotropic inedel in use at the National Meteorolgical Center 
did not provide any indication of strong upper-air forcing for this storm, 
while the Seven-Level I^imitlve Equation Model and LBl-Il greatly underestimated 
the strong positive vortlclty advection along the east coast on 19 February as 
well as the surface cyclogenesis. 

A series of forecast experiments was conducted to assess the accuracy of 
of the GLAS nodel's prediction of this storm and the importance of large-scale 
dynamical processes and diabatic heating to the cyclogenesis. 'Jtie GLAS model 
forecast- from the GLAS analysis at 0000 GMT 18 February correctly predicted 
intense coastal cyclogenesls and heavy precipitation. An extended-range fore- 
cast from 0000 GMT 16 February as well as a forecast from the NMC analysis 
Interpolated to the GLAS grid predicted only weolc coastal low development. A 
forecast with surface heat and moisture fluxes eliminated failed to predict 
any cyclogenesis while a similar forecast with only the surface moisture flux 
ex\?.luded showed weak development. Detailed examination of these forecasts shows 
that diabatic heating resulting from oceanic fluxes significantly contributed 
to the generation of low level cyclonic vorticity and the Intensification and 
slow rate of tiovement of r*,n upper level ridge over the western Atlantic. As 
an upper level short-wave trough approached this ridge, diabatic heating asso- 
ciated with the release of latent heat intensified and the gradient of vorticity, 
vorticity advection and upper level divergence in advance of the trough were 
greatly increased, providing strong large-scale forcing for the surface cyclo- 
genesis and heavy precipitation. 
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In attempting to explain the intense cyclone development that occurred on 
19 February and the reasons for the poor fWC medel predictions, Bosart (1981) 
and Uccellini et al . (1981) emphasized subsynoptic processes and the inter- 
action of synoptic and subsynoptic scales. However the GLAS model forecast 
from 0000 GMT 18 February which included sensible and latent heat fluxes was 
retiartobly accurate in its prediction of cyclogenesis on 19 February and the 
subsequent movement and further intensification of this storm, even though it 
could not resolve either the coastal front discussed by Bosart, or the magnitude 
of the jet streak processes discussed by Uccellini et al . It is clearly not 
possible to study the specific effects of subsynoptic processes on the observed 
cyclone development with a coarse model and such effects probably did play a 
role in the details of the storm's evolution. The results presented here 
indicate, however, that strong large-scale forcing for cyclogenesls was present 
in this case. The model's simulation of this forcing and its paraineterization 
of subgrid scale processes seemed sufficient to nake an accurate prediction 


of the storm. 
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'iuble 1 Description of Experiments 


Experiment 

Forecast Model 

Initial Conditions 

1 

GLAS GCM 

GLAS Analysis at 0000 GMT 18 Feb. 

2 

Sams as 1 but 
without surface 
sensible heat and 
moisture fluxes 

GLAS Analysis at 0000 GMT 18 Feb. 

3 

Same as 1 but 
without surface 
moisture flux 

GLAS Analysis at 0000 GMT 18 Feb. 

4 

Same as 1 

N^C Analysis at 0000 GMT 18 Feb. 

5 

Same as 1 

GLAS Analysis at 0000 GMT 16 Feb. 
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FIGURE CAPTIONS 


PRECEDINQ PAGE BlANfC NOT FILMED 




Fig. I National Weather Service 500 mb (top) 850 mb (middle) and surface 
(bottom) analyses for 0000 GMT 18 February 1979. 

Fig. 2 Same as Fig. 1 for 1200 GAT 18 February 1979. 

Fig. 3 Same as Fig. 1 for 0000 GMT 19 February 1979. 

Fig. 4 Same as Fig. 1 for 1200 GMT 19 February 1979. 

Fig. 5 Same as Fig. 1 for 0000 GMT 20 February 1979. 

Fig. 6 Barotropic medel 0000 GMT 18 February 1979 analysis (top), 36 h forecast 
valid at 1200 GMT 19 February 1979 (middle) , and 1200 GMT 19 February 
1979 (bottom) analysis of 500 mb geopotential height (solid lines) and 
absolute vorticity (dashed lines). 

Fig. 7 Sea-level pressure analysis and LFM-II 12 h, 24 h, and 36 h sea-level 
pressui’e (solid lines) and 1000-500 mb thickness (dashed lines) forecasts 
valid at 1200 GMT 19 February 1979 (after Uccellini et al . , 1981) . 

Fig. 8 Same as Fig. 7 for 500 nt) geopotential height and absolute vorticity. 

Fig. 9 GLAS analysis of 500 mb geopotential height and ten?5eraturs (top) 850 
mb geopotential height and temperature (middle) , and sea-level pressure 
and 1000-500 mb thickness (bottom) at 0000 GMT 18 February 1979. 

Fig. 10 Same as Fig. 9 for NMC analysis interpolated to the GLAS grid. 

Fig. 11 Same as Fig. 9 for 12 h GLAS model forecast from the GLAS analysis at 
0000 GMT 18 February 1979. 

Fig. 12 Same as Fig. 9 for 24 h GLAS model forecast from the GLAS analysis at 
0000 GMT 18 February 1979. 

Fig. 13 Satre as Fig. 9 for 36 h GLAS model forecast from the GLAS analysis at 
0000 GMT 18 February 1979. 

Fig. 14 Same as Fig. 9 for 48 h GLAS model forecast from the GLAS analysis at 
0000 GMT 18 February 1979. 

Fig. 15 Same as Fig. 9 for 12 h GLAS model forecast without sxjrface heat 

and moisture fluxes, from the GLAS analysis at 0000 GMT 18 February 1979. 

Fig. 16 Same as Fig. 9 for 24 h GLAS model forecast without surface heat 

and moisture fluxes, from the GLAS analysis at 0000 GMT 18 February 1979. 

Fig. 17 Same as Fig. 9 for 36 h GLAS model forecast without surface heat 

and moisture fluxes, from the GLAS analysis at 0000 GMT 18 February 1979. 

Fig. 18 Same as Fig. 9 for 48 h GLAS model forecast without surface heat 

and moisture fluxes, from the GLAS analysis at 0000 GMT 18 February 1979. 


4 


p 

j. 


Fig. 10 Sttino as Pig. 9 for 12 h GIAS n> 2 dol forecast without surface moiscure 
flux from the GIAS analysis at 0000 GMT 18 February 1979. 

Fig. 20 Samo as Fig. 9 for 24 h GLAS model forecast without surface moisture 
flux from the GIAS analysis at 0000 GMT 18 February 1979. 

Fig. 21 Same as Fig. 9 for 36 h GLAS model forecast without surface moisture 
flux from the GIAS analysis at 0000 C»1T 18 February 1979. 

Fig. 22 Same as Fig, 9 for 48 h GLAS model forecast without surface moisture 
flux from the GLAS analysi.s at 0000 GMT 18 Februa-ry 1979. 

Fig. 23 ^rne as Fig. 9 for 12 h GLAS model forecast from the NMC analysis 
at 0000 GMT 18 February 1979. 

Fig. 24 Same as Fig, 9 for 24 h GIAS model forecast from the NMC analysis 
at 0000 GMT 18 February 1979. 

Fig. 25 Same as Fig. 9 for 36 h GLAS model forecast from the NMC analysis 
at 0000 GMT 18 February 1979. 

Pig. 26 Same as Fig. 9 for 48 h GLAS model forecast from the GLAS analysis 
at 0000 16 February 1979. 

Pig. 27 Same as Fig. 9 for 60 h giaS model forecast from the GLAS analysis 
at 0000 GMT 16 February 1979. 

Fig. 28 Same as Fig. 9 for 72 h GLAS model forecast from the GLAS analysis 
at 0000 GMT 16 February 1979. 

Fig. 29 Same as Fig. 9 for 84 h GLAS model forecast from the GLAS analysis 
at 0000 GMT 18 February 1979. 

Fig. 30 Vertical cross sections of temperature, absolute vorticity, vorticity 
advection, and divergence along latitude 38° N for the 36 h GLAS model 
forecast from the GLAS analysis at 0000 GMT 18 February 1979. 

Pig. 31 Same as Fig. 30 for 36 h forecast without surface sensible heat and 
moisture fluxes. 

Fig. 32 Same as Fig. 30 for 36 h forecast without surface evaporation. 

Fig. 33 Same as Fig. 30 for 36 h forecast from the WC analysis. 
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Fig. 1 National Weather Service 500 mb (top) 850 mb (middle) and surface 
(bottom) analyses for 0000 GMT 18 February 1979. 
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Fig* 2 Same as F1g. l for 1200 OMT 18 February 1979. 
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Fig. 7 Sea-level pressure analysis and LFM-H 12 h, 24 h, and 36 h sea-level 
pressure (solid lines) and 1000-500 mb thickness (dashed lines) forecasts 
valid at 1200 GMT 19 February 1979 (after Uccellini et al.. 1981). 














the GLAS grid. 
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Fig. 20 Same as Fig. 9 for 24 h GLAS model forecast without surface moisture 
flux from the GLAS analysis at 0000 GMT 18 February 1979. 












Fig, E3 Same as Fig. 9 for 12 h GLAS model forecast from the NMC analysis 
at 0000 GMT 18 February 1979. 


- 1 J 

















F1g. 27 Same as Fig. 9 
at 0000 GMT 16 Feb 






Fig. 28 Same as Fig. 9 for 72 h GLAS model forecast from the GLAS analysis 
at 0000 GMT 16 February 1979. 
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30 Vertical cross sections of temperature, absolute vorticlty, vorttcity 
advection, and divergence along latitude 38® N for the 36 h GLAS model 
forecast fran the GLAS analysis at 0000 Gim 18 February 1979. 



Fig. 31 Same as Fig. 30 for 36 h forecast without surface sensible heat and 
moisture fluxes. 
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Fig. 32 Same as Fig. 30 for Sd h forecast without surface evaporation 























